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h\rts`qBh\^©"rts`qTrtxus`^urt~BwBs`h9_c^"xuq[d^uh9fgh\f;_c^uT«
mK¶j»/ÄÂB½ <_44h;q[dx¨d º»P¼P½§¾¿BÀPÁPÂB» yB^u_BpXh\x`xu_c^}d¹{t_Bp\d{f;h\fg_b^` d[@dLtFPO(Pª½Bu (<bQ< «§±"q<rxg³"´µ
¶ rtx
dKiwvyx{z(<Ä{_cabrªppXh\{t{zd^u^Xd#@©"rtsuq £M_bw<^;Qv#¤O~BrtsuxyJ_b^us`x«±"qBh9B_b^`suqKy[_c^usrtx;pX_cBBhpXs`h su_ÄsuqBhÌdcBT^`h\xux9d[¡BdsXd
fwB{tsurtyB{thXBh±/^edBxuyBw<suh\^"x`Fx`suh\f ~BwBx«*R¸hxus"d[²hdx`syJ_b^`suxd^`hwBx`hgsu_pX_bfgfwBBrªp\dsuh©"rtsuq9db\dbpXh\Tso³"´µ
¶xrt
suq<hpv_bT¯[acwB^ed~B{thj{t_bacr°p{ªd#ch\^«T±"qBhxu_bw<suq9y[_c^usp\d9~[hjw<xuh9s`_¨dcp\pXh\x`xG7bd^urt_cwBxhv4s`h\^uJd{/^uh\x`_bwB^XpXh\x#«
±"qBhB_BThyB^u_BpXhxuxu_c^j^uh#dbTxj_c^©"^`rs`h\xjfgh\f;_c^uc¤7f;dyByJh^`h\abrtxus`h\^uxrÄ_b^XTh\^zsu_pX_cTsu^u_c{/suqBh9³"´oµ
¶)~Jh\q[d=7Trt_b^#«
±"qBh\x`h
^`h\abrtx`suh\^`xjabr7bhjdcp\pXh\x`xjsu_¹³"´µ
¶ £Mw<[pXsurt_cBxx`w[p`q dxrtBrtsurªd{trsdsurt_b;d[9xusXds`wBx}P©"^`rtsurtBa;dpX_cT¯[abw<^eds`rt_b_c^
^uh#dbTrtBa~[dbp`­;pXh{{/pX_bTs`h\Tsux«<m"£Ms`h\^dgiw<Q<f;xpX_cT¯[acwB^edsurt_b9Th\{ªd#F}csuq<h
³"´oµ
¶ p\d9dbpXsdxd{t_4pd{§pX_cyB^u_BpXh\x`xu_c^"£M_c^
rtsuxy<^u_BpXh\x`xu_b^#}T_b^dxdyJd^us_£§dzab{t_b~Jd{BpX_by<^u_BpXh\x`xu_b^£M_c^suqBh"©"q<_b{th¡ X@¢ f9dbp`qBrtBhb«#Os`xB_b^`suqyJ_b^`srtxdbB4^uh\x`xed~<{h
£M^`_bf)s`qBhº»P¼P½§¾¿BÀPÁPÂB»Ä~BwBxzd{t{t_©"r<as`qBhjx`h\{thpXsurt_c_£Tr ¦óh\^`h\Ts"rtFs`h\^uJd{P£>wB[pXs`r_cBx«
|HracwB^uh9izxuq<_©"xs`qBhpXwB^u^`h\Ts
pX_cT¯[abw<^eds`rt_b9_£s`qBh¶j»/ÄÂB½¸fdcpuq<r<hb«[¶»/ÌÂB½@dcpXsuwJd{t{t pv_bBx`rx`suxz_£d~}
~J_Fd^X;pX_cBBhpvsuh9s`_¨dEBÀP½Ä©_c^u­TxusXdsurt_c§«b±"q<hwByByJh\^"^`r<a
q[dxx`sed[Bd^X¹º»P¼P½§¾\¿<ÀPÁPÂB»Ì{trtB­Txd[x`Fx`suh\f xurtac[d{tx
z  B	  	ﬀ '9+*
	D#ﬁ lﬀ+lp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	 ol)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	  ﬀ	
pX_cBBhpXs`h¹su_dpv^u_bx`xu~[d^_c d²qB_bx`s"©_c^u­TxusXds`r_c9rTs`h\^O£7dcpXhj~J_Fd^eP«<±"qBhj{t_©h^"^urtBa;d{t{t_©"xo³"´µ
¶ ©h\xuszd[ghdxus
yJ_b^us`xs`_
~Jh
dx`xuh\f~<{h#rtTsu_dQv#¤O~Brtsy[ds`qw<xurtBa^urt~B~J_bp\d~<{hx«
36 bits
X3090
node 0
X3090
node 1
X3090
node 2
X3090
node 3
LCA ring
Host
Sun 4
1 bit
T800 T800 T800 T800
MIMD ring
  1 bit
36 bits
|HrtabwB^`hiQT ±"qBh
¶»/ÌÂ<½Ìf9dbp`qBrtBh
±"qBhº»P¼P½§¾¿BÀPÁPÂB»¸<h\sO©_c^u­grxpv_bTsu^`_b{t{thg~FgsuqBh²º» N OQO(PªÀ§¾
4rx`su^`r~<wBsuh _byJh\^edsurtBaxuTx`suh\f 3tibiM6u«Jº»P¼P½§¾¿BÀﬀ
ÁPÂB»Pxd^uh"yB^`_bac^edfgf;howBx`rtBazsuqBhIC {ªd<abw[dabh©"rs`q
{trt~B^Xd^urth\xH£M_c^suq<hzº» N OQO(PªÀ§¾"x`Fx`suh\f d[{t_4pd{P³"´oµ
¶ pX_bTsu^`_b{
£MwBJpXsurt_b<x«TO;s`qBrtxhV7Trt^u_cBf;hFs#}{t_FdcTrtBajd³"´oµ
¶ ©"rts`q;d
pX_cT¯[acwB^edsurt_b²¯[{thrtxxuyJhpXr ¯[h#9~T;do£MwB[pvsurt_b9p\d{t{J©"rs`q
dqB_cxus¯[{thz[dfghdxdy[d^edf;h\s`h\^«
_bT¯JabwB^Xdsurt_c@¯J{hx;d^uh¹yB^u_BTw[pvhw<xurtBa tIPOQPª½Bu suh#puq<B_b{t_bac@s`_F_c{tx«m·x`y[h#pXr ¯óp{trt~B^Xd^u¡yB^u_7TrªTh\xh#dxud[
xuh#pXwB^uhrtTsuh\^ £7dbpXhxsu_suq<h
¶j»/ÄÂB½ÄB_BThz©"rs`q9~Br ¤ Trt^`hpXsurt_c[d{J~B{t_Bpu­TrtBa_b^"~Bw4¦óh\^`hBdsedhX[p`q[dBabh\xzd[²rtFs`h\^u^`wByBs
fd[dach\f;hFsp\dy[d~<r{trtsurth\x#«
_a`o_ ﬁﬃﬂgh! #"Mf%$'&)("nldgfikﬀ&*,+.-rgj h0/"Sf213"4&-mSk1"Sh5 fpjﬃr#$*f
±"©_;pXrt^epXwBrtsof;_BTh\{tx"rt{t{w<xusu^Xds`hjsuqBhfdbp`qBrtBhzyB^`_byJh\^us`rth\xo£M^u_cf¥s`qBh
pX_cFs`^u_c{ﬂd[gsuqBhpX_cf;yBwBsXds`r_c;yJ_brtTsux"_£a7Trh©FT
*Mr),/ﬁ6*	ﬁw' wﬁ	d[ *>rr), )	7"ﬁl		Sﬁ	 v«
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. ﬁ9(	ﬁw' ﬁ	d^`h~Bw<r{tsw<xurtBaxuhﬀ7ch\^ed{Psu^edBxS7ch\^uxXd{H_byJh\^edsu_b^yBrtyJh\{tr<h\xd[pvh\Tsu^ed{trsh *M_b^"Trtxus`^urt~BwBs`h ,
¯[Brtsuhoxusedsuhzfdcp`qBrtBh\x«c±"qBh\;pd9_b~Bx`h\^S7chz{_Bp\d{[x`sedsuh\xo_b;<_44hrtTsuh\^ £7dbpXhx}[pv_bf;y<wBsuhoab{t_b~[d{[pX_c[Trtsurt_b<xd[
suqBh\ ©"^urtsuh9~[dcpu­¡suqBhxuhÄ^uh\x`wB{tsux;s`_¸suqBh¹rTs`h\^O£7dcpXhb«m{ts`h\^u[dsur7bh{¸rtTsuh^u^uw<yBs;©"d=7bh\x9p\dK~JhwBx`hKsu_¸x`rtab[d{
pX_b[4rs`rt_bBx_b9suq<h<h\sO©_c^u­P«B±"q<hac{t_b~[d{PyB^u_BpXh\x`xu_c^uxjd^`h~<wBrt{swBydx£>_b{t{t_©FT
:
m)yBrtyJh\{trtBhq[dx_b<hxusedabhgrÄhdcpuq¡B_BTh_£s`qBhpv_bT¯[acwB^ed~B{th{t_babrªp{ªd#bh\^#«%;dbp`q¡xusedabh^`hpXh\r7bhx;BdsXd
£M^`_bf d¸db\dbpXhFszyB^`hﬀ7Trt_bwBxjx`sedabhb}§d[¹y[_cxuxurt~B{tg£M^`_bf {t_Bp\d{1^`h\abrtx`suh\^`x«HOsy<^u_7TrªTh\xjBdsXdgsu_9suqBhBhXBs
xusXdachb}1d[ÄyJ_bxux`rt~B{tÌs`_s`qBh;<_44h;rtTsuh\^ £7dbpXh^`h\abrtx`suh\^`x«/±"qBhg{°dxuszxusXdach;_£d9yBrtyJh\{trtBh;p\d¸~Jh;^`hdbÄ~T
suq<hy<^u_BpXh\x`xu_b^jds"B_BThF<B«Tm9rtTsuh\^ £7dbpvh^`h\abrtx`suh\^zp\d9^uhsedrtBdsedr4£M_b^`fds`rt_b§}_c^d
pv_bTsu^`_b{§~<rs©"qBrªp`q
abhBh\^edsuh\xdÄrTs`h\^u^`wByBsz©"qBh\Ärtsrtxoxuh\s#«Pm yBrty[h\{trtBhxusXdabhp\dÌ~Jh¨d²yB^u_BpXhxuxu_c^}/dg{_cabrªpo_byJh\^edsu_c^j_b^zd
xurtfgyB{th"^uh\acrx`suh\^#«
:
m pX_cFs`^u_c{§dwBs`_bfdsu_c
rtxwBxuw[d{t{rtfgyB{th\f;h\Ts`hj_cdxuyJhpXrªd{HB_BTh *>B_BThF< ,qB_c{ªTrtBajsuq<h¯J^uxus"x`sedabhz_£
hdcpuq¹yBrty[h\{trtBhb«T±"q<h
dwBs`_bf9dsu_c;p\d9^`hdb9^`h\xuw<{s`x"£M^`_bf)s`qBhj{ªdx`s"xusXdabhd[²©"^urtsuh\xortBrtsurªd{PBdsXdsu_¯[^`xus
xusXdachb«
 
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l)	7 ﬁ 	3	oﬁ	
yB^`_7Tr°4hf;rªpX^`_¤Oab^edrt¸y[d^Xd{t{th\{trx`f wBxXd~B{th_c{ªd^uachBdsXd¸d^u^Xd#Tx£M_c{{t_©"rtBas`qBhÌpXh{{twB{ªd^
dwBs`_bfdsedof;_BTh{7« ;dcpuqÄ³"´oµ
¶ rtx"pX_b4¯[abwB^`h9s`_
©_b^`­dxsuq<h{t_Bp\d{§pX_byB^`_BpXh\xux`_b^z_£/rtsux"dxux`_BpXrªdsuh#Äº»P¼P½§¾ 
¿BÀPÁPÂB»«#Os§q[dx1d/|§S| >¡su_^`hpXh\r7ch"suqBh<h\rtabqT~[_c^uqB_T_BzrtT£M_c^uf9dsurt_c£M_b^/d"{trtBhd^/d^`^ed#_£ópXh\{t{tx§s`_~Jhpv_bf;y<wBsuh «
º»P¼P½§¾\¿<ÀPÁPÂB»Px
y<wBxuq@Bdsed9rtBx`rªTh
s`qBh |HS| >
}Hd[Äs`qBh\¸^uh#db¸~Jdbp`­Ìd9s`^ed<xO£M_c^uf;h#{trtBhb«p|HS| >x£M^u_cf sO©_
db\\dcpXh\Ts³"´µ
¶x
p\d¸hX[puqJdBach;pXh\{t{7bd{twBhxd[Äxuh 'bw<h\[pXhgr4£M_b^`fds`rt_b§«qUTrtab[d{xzd^`hwBxuhÄs`_rtf;yB{th\fhFs
©"^urtsuhz~[d^u^urth\^"{t_Bp\d{PyB^u_csu_BpX_b{tx"rt9_b^XTh\^s`_
hT£M_b^XpXhjyB^`_BpXh\xux`_b^zxuT[p`qB^`_bBrsdsurt_bH«
dT¸xuwJpuqpX_cyB^u_BpXhxuxu_c^ux9q[d=7ch;~Jh\h\ pX_cf;yBrt{thÄwBx`rtBaÌs`qBheCFCF/A {ªdBacw[dachK3 =6u«§OfgyB{th\f;hFs`hÄhX[dfgyB{th\x
rJpX{tw[Thz{t_©{thﬀ7bh\{Prtf9dabh"y<^u_BpXh\x`xurtBa;_cy[h^eds`_b^`xdJ;{ªdsusurªpXhzaTdxxurtfwB{ªds`r_c§«
 
 ﬂ² + ² $¹ "v²
Jd=7TrtBa;ThxepX^`r~Jh¹suqBhsed^uach\sd^ep`qBrtsuhpvsuwB^`h
rts`qBhjyB^`hﬀ7Tr_cwBxx`hpXs`r_c§}J©hhX[df;rtBhzqBh^uhjs`qBh
y<^urt[pXrtyB{th\xo_£xuTxus`_b{trªp
pX_cf;fwBBrªp\dsurt_bd[g©hhv4y<{_c^uhjsO©_©d#Tx_£dyBy<{TrtBajs`qBh\f _b¶»/ÌÂB½«
9`Mb ﬃh$*mSk4kﬀ& *gkBf% n$
±"qBhzpX_b[pvh\yBs"_£§x`Txusu_c{tr°pod^Xpuq<rs`hpXs`wB^uh\xo©dxrtTsu^`_BTw[pXh²~T"Jj« ±j«owB<a
rticQzH3 6u«c±"qBrtxpX_bJpXh\yBszdrtf;x/dsxu_b{7TrtBa
suq<hjyB^u_c~B{th\f _£f;h\fg_b^`
pX_bTs`h\Tsurt_brt9xuh 'bw<h\Tsurªd{HyB^u_BpXh\x`xu_c^ux}HpX_bfgf;_b<{p\d{t{thgsuqBhI7b_bK8lh\wBfdB;~J_T_bs`{hBhp`­
3tiM6u«wUTTxus`_b{trªp/d^ep`qBrts`hpXsuw<^uh\x/£>hds`wB^uhs`qBh"p\dy[d~Brt{trsO"_£BhXByB{t_brtsurtBa"d"^`h\abwB{ªd^§BdsXd ^[_©ÄsuqB^`_bwBacqjd"Bh\sO©_b^`­z_£BrªTh\Tsurªp\d{
pXh\{t{txz©"rtsuqÄ{_Bp\d{f;hf;_b^`F«c±"qBrtxjp`q[d^XdbpXs`h\^urtxus`rªprtxzxuwByByJ_b^`suh ~T dÌrtTsuh^O¤OyB^u_BpXh\x`xu_c^;pX_bfgfwBBrpdsurt_c;f;h#puqJdBrtxuf
©"qBrªp`qd=7b_brªTxsuq<h_7ch\^ ^J_© _£1suq<h{t_Bp\d{§f;hf;_b^`"3
	6u«
±"qBh\^`h;hXBrtxus`xj_bBhpX_cf;f;h^epXrªd{t{t;d=7bdrt{ªd~<{hyB^u_cab^edf;f9d#~B{thf9dbp`qBrtBhj~Jdxuh#Ä_bÄsuqBrtxjpX_bJpXh\yBs#}§s`qBhr¸¼P»P¿43 z6u«
J"_©hﬀ7ch\^/suqBrtx/fdcpuq<r<h1rtxHfw[p`qjf;_c^uh/hXBy[hBxur7bh"s`q[ddzº»P¼P½§¾¿BÀPÁPÂB»9fdcp`qBrtBhd[zrts`x1y<^u_BpXh\x`xu_b^rx/B_cs1d=7bdr{ªd~B{th
dxdpv_bf;yJ_b<h\Tsp`qBrty§«
>oBhpX_bwB{ª hXBy[hpvs;su_ÄwBx`hsuqBh¹º»P¼P½§¾¿BÀPÁPÂB» {trtB­Tx
d[ suqBh9x`h\^S7TrªpXh\xg_£dÄTrtxus`^urt~BwBs`h¡xuTxus`h\f%£M_b^xuTxus`_b{trªp
pX_cf;fwBBrªp\dsurt_b<x«mo[gsuqBrtxrtx"s`qBhjxus`^edracqTsO£M_c^u©"d^e9dyByB^u_Tdbp`q9©"rtsuq9©"qBrªp`q©hjhXByJh\^urtfgh\Tsuhg_b¶»/ÌÂB½«qRq<r{th
_b<{zBhracqT~[_cwB^§s`_<h\rtabqT~[_cwB^1pv_bf;fw<Brªp\ds`r_cBxJrxHBh\h4hP}©hp`qB_T_cxuh"suq<h (	SS1{ªd#ch\^§x`h\^S7TrªpXh"_£JsuqBhoº»BNBOQO(PªÀ§¾
xu_£MsO©"d^uhgxus`^uw[pXs`wB^uh¹©"qBrªpuqKd=7b_cr°4xj^u_cwBsurtBa_7ch\^uq<hdbP«|Hrtabw<^uh z¹qBrtabq<{rtacqFs`xzsuqBh9{ªd#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